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Abstract: This study investigate the growth performance and the dynamic community of multi-species annual flowers in 

tropical landscape. The multi-species plant community produce an attractive colour of flowers according to their flowering 

peak of each species that have been tested. At the first growth cycle, the earliest species to bloom were Gomphrena globosa 

and Zinnia elegans which took 8 weeks after seed were sown. Meanwhile, Cosmos spp and Tithonia rotundifolia were the late 

species to bloom which took 14 weeks after seeds were sown. At the second growth cycle, the multi-species annual plants 

bloom much earlier which is only 3 weeks after pruning. The mean plant height and dry weight of several species on both 

growth cycles show a significant difference (P<0.05). Cosmos sulphureus and Cosmos caudatus recorded maximum heights on 

both growth cycles with C. sulphureus recording a maximum dry weight of about 172.5 gm/plant in the first growth cycle. 

Overall, the established multi-species plant community developed, had a lifespan of 5- 6 months in each growth cycle. The 

second growth cycle plant community was formed through self-sowing and vegetative part after pruning. 
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1. Introduction 

Annual flowers are popular ornamental plants that are used 

in landscaping. They are grown to add color in a garden [1, 

2]. Conventionally, annual flowering plants are propagated 

and grown in a nursery until they produce buds or flowers 

before being transferred to the landscape areas. Generally, 

plants that are transferred to the landscape especially in 

tropical urban areas have a short life span of approximately 

1-1½ months after being used as landscape component. Thus, 

the plant should be replaced with a new batch of different or 

same ornamental species. In landscape management 

perspectives, this approach is considered unsustainable. It 

involves high cost of planting materials and maintenance. 

Therefore, to resolve this problem, the technique of directly 

sowing multi-species flowering annuals in the tropical 

landscape area has a potential to be practiced [3]. 

Previous studies have shown that growing ornamental 

plants by mixing results in an attractive array of flower 

colours can conserve biodiversity and reduces maintenance 

cost [4]. Moreover, the mixing of ornamentals produces a 

new community of plants that is dynamic; providing an 

impact of a natural landscape that attracts visitors [5, 6, 7]. 

The dynamic change in landscape plants community based 

on the flowering phenology and growth rate are dependent 

upon time and the space allocated for landscaping. 

Knowledge on species suitability and patterns of long run 

dynamic change in the plants community are essential to be 

identified from a landscape planning perspective [4, 8]. This 

is to ensure that the right species of ornamental plants would 

be chosen in order to produce an interesting impact of 

flowers. Since these areas are yet to be explored, the 

objective of this study is to identify the natural dynamics of 

mixing several multi-species flowering annuals in tropical 

landscape. 

2. Materials and Methods 

2.1. Species Selection and Maintenance 

This study was conducted at the Malaysian Agricultural 

Research and Development Institute (MARDI), Ornamental 

Complex, Serdang, Malaysia. The plot was flat and exposed 
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to full sunlight. During site preparation, weeds were sprayed 

with glyphosate herbicide and removed manually to achieve 

plant free conditions. Soil surfaces were then mowed to a 

depth of 300 mm and leveled. River sand as thick as 20 cm 

was used as a growth medium while retaining the original 

soil surface beneath [9]. 

A total of ten species of flowering annuals were selected 

for this study (Table 1). The annual flowers species were 

selected based on their availability, aesthetic values, 

flowering phenology, adaptation to urban tropical climate and 

competitiveness among species in Malaysia urban landscape. 

All sources of the seeds were collected locally from MARDI 

seed production plots. Seeds which were not available 

naturally were obtained from commercial nursery. Such seeds 

included Cosmos sulphureus and Gomphrena globosa. 

Table 1. Flowering annual plants that were studied. 

Species Family 
Plant type/ 

habitat* 

Flower 

colour 

Catharanthus roseus Apocynaceae Annual / dry-wet Pink 

Catharanthus roseus Apocynaceae Annual / dry-wet White 

Cosmos caudatus Asteraceae Annual / dry-wet Pink 

Cosmos sulphureus Asteraceae Annual / dry-wet Yellow 

Gomphrena globosa Amaranthaceae Annual / dry-wet Orange 

Impatiens balsamina Balsaminaceae Annual / dry-wet Red 

Impatiens balsamina Balsaminaceae Annual / dry-wet Purple 

Tagetes erecta Asteraceae Annual / dry-wet Yellow 

Tithonia rotundifolia Asteraceae Annual / wet Orange 

Zinnia elegans Asteraceae Annual / dry-wet Yellow 

*Normal environment 

The selected flowering annual plants were directly sown in an 

experimental plot measuring 200 cm in length x 200 cm in 

width x 20 cm in height. Three seeds of flowering annual plants 

were sown at each planting hole with a distance of 20 cm x 20 

cm in between species with 10 rows. The experimental design is 

a completely randomized design. Once the seedling is as tall as 5 

cm, the thinning process was conducted by retaining one plant 

per planting hole. A week after sowing, the seedlings were 

fertilized with the NPK compound 15:15:15 at approximately 

15g/m
2
. The organic fertilizer, Jutani at approximately 150 g/m

2 

was re-applied once a month afterwards. The plants were 

watered in the mornings and evenings as necessary to prevent 

severe stress, subsequently reduced once the plant reaches 

maturity. Permanent quadrates (180 x 180 cm) were established 

for data collection. Within each quadrate, seedling emergence, 

flowering phenology, plant height and dry weight data were 

collected. 

2.2. Statistical Analysis 

Numbers of seedling emergence from the experiment were 

converted to percentages (seeds germinated/emerged as a 

percentage of those sown). As Kolmogorov-Smirnov tests 

indicated that counted data was non-normal and could not be 

adequately improved by transformation, analysis was 

undertaken using non-parametric tests [10]. Statistical 

analysis was undertaken using SPSS version 15 for windows. 

The Mann-Whitney U-test was used in lieu of t-test for 

paired comparisons. This test was used to compare the 

significant differences of plant performance between first and 

second growth cycles. 

3. Results and Discussion 

3.1. Seed Germination 

The species varied in their emergence patterns. In general, 

field emergence was considerably low for most annual 

species tested in the first growth cycle (Figure 1), with the 

best germination achieved was of approximately only 20% 

(Catharanthus roseus, Cosmos spp. and Impatiens 

balsamina). This situation could have occurred possibly due 

to poorer seed quality and less favourable environmental 

conditions. Meanwhile, in the second growth cycle, Cosmos 

spp. had the highest percentage of germination (78%) as 

compared to other species. Emergence is strongly affected by 

seed quality [11, 12] and environmental factors such as 

rainfall/irrigation [12, 13], soil type [14], predation [15] and 

temperature [14, 16, 17]. 

 
Figure 1. Seed germination of flowering annuals species. Bar labeled with 

different letters are significantly different between species in each growth 

cycle at P<0.05 (Kruskal-Wallis test).  

In this study, attempts were made to minimise predation by 

regular baiting with metaldehyde. This suggests that lower 

emergence was substantially due to hot and dry weather in 

the tropic, leading to death of seedlings at germination stage. 

The results of this study indicate that self-sowing occurs to 

create plant community for the second growth cycles. 

Overall, flowering annuals species in the community between 

two plant growth cycles shows different percentage of seed 

germination after 2 weeks of pruning. 

3.2. Multi-species Flowering Phenology 

Results indicate that plants in the community bloom at 

different periods depending on the species and its growth cycle 

(Figure 2). The peak flowering of multi-species ranged from 

about 10 weeks after sowing to flower senescence (12 weeks). 

In the first growth cycle, Gomphrena globosa and Zinnia 

elegans started to flower earlier; Cosmos caudatus, Cosmos 

sulphureus and Tithonia rotundifolia were the late flowering 
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species. Multi-species plant community in the second growth 

cycle shows an earlier flowering phenology, approximately 3 

weeks after pruning. Catharanthus roseus ‘pink’, Gomphrena 

globosa and Zinnia elegans started to flower earlier; Cosmos 

caudatus took longer time to bloom. This makes the landscape 

plot more attractive with various colours of flowers in the 

tropical climates. This flowering pattern is similar to that 

recorded in previous studies on mixing plant community [9, 

18]. Mixing of multi-species produced different plant 

blooming with interesting flowers in the experimental plot. 

 
Figure 2. Flowering phenology of multi-species plants in the two growth cycle. 

3.3. Pattern of The Multi-species Plant Community 

Multi-species flowering annuals produce different plant structures and flowering pattern according to the duration of growth 

and planting space. Each month, various types of landscape scenery can been seen depending on the flowering phenology of 

each species in the landscape area (Figure 3). 

 

Figure 3. The dynamic change of flowering annual plants in the same landscape area. 

Diversity of multi-species gives a long period of more 

pattern in display within a small plot area [4, 9]. This is very 

different from the sort of pattern in display generated through 

standard horticultural block planting, where continuity of 

scenery may occur over larger distances. The growth pattern 

of multi-species through the growing period can be a crucial 

factor in creating compatable mixtures of species that have a 

long period of display [4]. 
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3.4. Species Performance 

The multi-species community that was planted for 10 

months and had encounter two growth cycles was studied. 

The data was analyzed in terms of the plants performance; 

plant height, dry weight and percentage of species survival, 

in two growth cycle. 

3.4.1. Height and Dry Weight of Plants 

Figure 4a shows the average of plant height within two 

growing cycles grow in the community. Results indicate that 

several species had significant differences between the first 

and second growth cycle (P<0.05). In the first growth cycle the 

species that obtained maximum height was Cosmos sulphureus 

(182 cm), where else on the second growth cycle was Cosmos 

caudatus (164 cm). Impatiens balsamina ‘purple’ and 

Impatiens balsamina ‘red’ also had significant increase in 

plant height in the first growth cycle. Meanwhile, Zinnia 

elegans and Catharanthus roseus ‘white’ also showed an 

increase in the second growth cycle. Nevertheless, the results 

suggest that Cosmos is the dominant species grown in the 

community as compared to the other species tested. Some of 

the species in this study increased their plant height due to fast 

growth and competition for light within the species [4, 19, 20]. 

Figure 4b shows the average of dry weight of plant within 

two growing cycles grow in community. Dry weight of 

individual species (gm/plant) was significantly different in 

Catharanthus roseus ‘pink’, Catharanthus roseus ‘white’, 

Cosmos sulphureus, Impatiens balsamina ‘purple’, Impatiens 

balsamina ‘red’, Tagetes erecta and Tithonia rotundifolia, Dry 

weight was not significantly different in Cosmos caudatus, 

Gomphrena globosa and Zinnia elegans. Cosmos sulphureus 

had the maximum dry weight (172.5 gm/plant) in the first 

growth cycle. This suggests that the greatest dry weight was 

obtained in Cosmos species may due to the abundant numbers 

(high seedling density) of plants re-generate through self-

seeding at the end of cycle. The same trend was also observed 

for ornamental herbaceous species when planted in a landscape 

area using the same approach [18, 21]. It was also reported that 

high seedling density increased competitive elimination of 

slow growing species [4]. 

 
(a) 

 
(b) 

Figure 4. Mean height (a) and dry weight (b) of each species per plant. Identical letters on the bar chart indicate no significant difference between the two 

growth cycle (Mann-Whitney U-test; *0.05; **0.01; ***0.001; ns-not significant). 
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On the first growth cycle the species that obtained 

maximum height is Cosmos sulphureus (182 cm), where else 

on the second growth cycle was Cosmos caudatus (164 cm). 

Cosmos sulphureus had the maximum dry weight (172.5 gm/ 

plant) in the first growth cycle. 

3.4.2. Species Survival 

Actual numbers of plant established from the experiment 

during the first growth cycle were used as the reference point 

to compare subsequent species survival in the second growth 

cycle. Figure 5 shows the percentage of species survival of 

flowering annuals in the second growing cycle. It was found 

that the species survival varies between species, with Cosmos 

sulphureus obtaining the highest percentage of survival 

(28.3%), followed by Tagetes erecta (22.0%). Meanwhile 

Catharanthus roseus ‘white’ showed the lowest percentage of 

the species survival (0.5%). 

 
Figure 5. Percentage of species survival for the second growth cycle. 

Overall, survivorship of flowering annual species was 

high, despite compete with weeds. Weeds reduce growth of 

desired plants through competition may involve either or 

both of above ground (shoot) and below ground (root) 

competition [19, 20, 22]. Possibly, competitive elimination of 

a species by its neighbour occurs due to differences in 

seedling size and growth rate between different species in 

communities. Fast growing species produces dense foliage 

therefore it will be affected to the other species which are 

slow growing and eliminating small seedlings. 

4. Conclusions 

This study provides information on the growth of the 

mixed species community of flowering annual plants in 

tropical landscape area. For the first growing cycles, all of 

the species can grow well and produce an attractive flower 

impact with a long flowering period of 12 weeks, with peaks 

flowering 14 weeks after seed sowing. Similarly, long 

flowering periods of more than 12 weeks are exhibited by 

multi-species plant communities which created through self-

sowing in the second growth cycle. Several species such as 

Cosmos spp., Tagetes erecta and Zinnia elegans were found 

more dominant in the community of the second growth cycle. 

These species are dominated due to the re-germination of 

seeds after the first growth cycle. Meanwhile Catharanthus 

spp dominate through vegetative parts; growth of new shoots 

from pruned stumps. Based on this study, it is suggested that 

growing a multi-species flowering annuals in urban tropical 

landscapes has the potential to be practiced. Through this 

approach, an attractive plant community that is natural 

looking and colourful in a landscape area can be created. This 

community is more dynamic, has long flowering periods and 

can continue their life cycle through self sowing and growing 

of vegetative part. 
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